The control of microorganisms in food products and on surfaces of food-handling equipment is essential to provide consumers with wholesome and safe products. Products are often biologically contaminated from equipment surfaces, and therefore food residues that serve as nutrients for microorganisms on foodcontact surfaces should be removed by cleaning after each processing operation. In the food and dairy industry, alkaline detergents and hypochlorites have so far been the most widely used chemicals in cleaning and sanitizing operations (Clegg, 1962; Mitchell, 1981; Twomey, 1968) .
Recently, electrolyzed water has been receiving attention as a novel disinfectant and cleaning solution. When NaCI solution is electrolyzed through a membrane, acidic electrolyzed water (pH 2 to 3), containing hypochlorous acid (HOCI) which is generated from the reaction of Cl2 and H2O, is generated at the anode site, while alkaline electrolyzed water (pH 11 to 12) is generated at the cathode site. Acidic electrolyzed water has been demonstrated to have bactericidal activity against various types of bacteria (Nakagawara et al., 1998; Ueda et al., 1999) and has been used for medical, agricultural, and industrial purposes. On the other hand, practical use of alkaline electrolyzed water is presently undefined and limited to preliminary cleaning before the disinfecting operation with acidic electrolyzed water. It is expected that for the purpose of cleaning, the alkalinity of alkaline electrolyzed water is not sufficient to solubilize organic fouling deposits on the equipment surface. However, the efficiency of cleaning with alkaline electrolyzed water is still not fully understood.
In our previous paper (Takehara et al., 2000) , we reported that the efficiency of the alkali cleaning of alumina (Al2O3) fouled with bovine serum albumin (BSA) increased with increasing pH of the NaOH solution over the pH range of 12.0 to 13.5. Furthermore, it was found that pretreatment of BSA-fouled Al2O3 with gaseous ozone markedly accelerated the BSA removal during the subsequent alkali cleaning, even when a low-pH NaOH solution was used. This finding stimulated our interest in the application of alkaline electrolyzed water in combination with ozone pretreatment for cleaning operations.
The objectives of this study were to compare the ability of alkaline electrolyzed water and NaOH BSA-fouled Al2O3 particles were pretreated with 0.3% (v/ v) gaseous ozone at room temperature for 8 to 120 min. For cleaning conditions, see the legend to Fig. 2 . a Reported by Takehara et al. (2000) .
cating that BSA desorption in this phase apparently follows first-order kinetics. Similarly, the desorption curves during the cleaning with the NaOH solution of pH 11.8 and alkaline electrolyzed water also had linear portions in parts. The slope of the linear portion is considered to be a measure sufficient to assess the cleaning rate (Jennings, 1965; Nagata et al. 1995; Sarkar and Chattoraj, 1996) . Therefore, we evaluated the k from the slope of the linear portion of each desorption curve as a measure of the cleaning rate. The k values obtained for cleaning with the NaOH solution of pH 11.8 and 12.8, and alkaline electrolyzed water (pH 11.7) were 0.014, 0.102, and 0.015 min-1, respectively (see Table 1 ). Apparently, the rate of BSA desorption during cleaning with alkaline electrolyzed water also depended on pH.
The effect of pretreatment with 0.3% gaseous ozone for 8 to 120 min on the efficiency of cleaning with alkaline electrolyzed water was examined. Figure 3 shows the curves of BSA desorption from Al2O3 surfaces during continuous cleaning with alkaline electrolyzed water (pH 11.7) combined with ozone pretreatment. Pretreatment of BSA-fouled Al2O3 with ozone was found to markedly facilitate the desorption of BSA. The effect of ozone pretreatment on the rate of BSA desorption clearly depended on the length of pretreatment. In addition, Sr value decreased depending on the length of pretreatment. The effect of ozone pretreatment on facilitation of BSA desorption can probably be attributed to the partial decomposition of the adsorbed BSA molecules by ozone, which in turn could accelerate the swelling and dispersion of peptized fragments in alkaline electrolyzed water (Takehara et al., 2000) .
For all the desorption curves in Fig. 3 , the k values were also evaluated from the slopes of the linear portions of the desorption curves in the initial stage of cleaning. The k and Sr values obtained for cleaning with gaseous ozone and alkaline electrolyzed water in combination are summarized in Table 1 . By conducting ozone pretreatment for 120 min, a higher k value of 0.24 min-1 was achieved even with alkaline electrolyzed water of pH 11.7. The Sr value also decreased from 1.27 (non-ozone-treatment) to 0.09 mg/m 2 by lengthening the pretreatment to 60 and 120 min. We reported that the k and Sr values obtained for cleaning with NaOH solution of pH 13.1 to 13.7 alone under the same conditions as this study were between 0.14 and 0.24 min-1 and between 0.13 and 0.10 mg / m2, respectively (Takehara et al., 2000) (see Table 1 
